serum CA19-9 and HbA1c [7, [11] [12] [13] and a decrease in serum CA19-9 with diabetes treatment [8, 12] have been reported, thus suggesting a relationship between serum CA19-9 and glycemic control state. However, the mechanism of elevated serum CA19-9 in diabetic patients is unclear.
In diabetic patients, as compared to non-diabetes, glycation of various proteins is known to be increased, and some of these proteins are thought to be involved in the onset and progression of chronic diabetic complications [13] . Among the glycated proteins, HbA1c is widely used clinically as an indicator for chronic control of plasma glucose levels [14, 15] . Glycated albumin (GA) is also used as a glycemic control indicator [16] . Because the half-life of serum albumin is shorter than that of erythrocytes, GA reflects glucose levels over a shorter period (about 2 weeks) than HbA1c.
After 2 weeks of hospitalization, HbA1c, GA and serum CA19-9 were again measured, and the values were compared to those before diabetes therapy. Self-monitering of blood glucose was performed 4 times daily (before each meal and at bedtime) and the daily mean blood glucose (MBG) was calculated. In addition, MBG at admission was estimated form HbA1c using the following formula from Rohlfing et al. [18] .
Estimated MBG = (HbA1c -2.17) × 35.6 …… Equation 1
Through a retrospective study we examined 3 diabetic patients with pancreatic cancer (all male, 71.7 ± 11.7 years old) as controls whose serum CA19-9 were elevated (204 ± 104 U/mL). Since their glycemic control state were poor (HbA1c; 9.1 ± 1.6%), insulin treatment was started. Before and after the treament, HbA1c and serum CA19-9 were measured. After glycemic control state was improved, operation (resection of pancreatic cancer) were perfomed. After the operation, serum CA19-9 in all patients decreased below the refernce value (≤37 U/mL).
This study was conducted after approval by the Ethics Committee at Kinki Central Hospital and after obtaining signed informed consent from the patients who participated.
Calculation of half life
We previously reported that the half-life of GA can be calculated using Equation 1, as shown below [19] .
t: number of days after the start of treatment; GA o : GA before treatment; GA t : GA after t days of treatment; and GA ∞ : target-to-treat GA level. The GA ∞ is 15.0%. Therefore, GA is more useful than HbA1c as a glycemic control marker for acute changes in glycemic control state [17] .
In this study, as a mechanism of elevated serum CA19-9 in diabetic patients, we hypothesized that the half-life of serum CA19-9 was prolonged. Therefore, we investigated the relationship between serum CA19-9, fasting plasma glucose (FPG), and glycemic control indicators in diabetic patients. In addition, in diabetic patients with high serum CA19-9 levels, we examined the changes in serum CA19-9 before and after diabetes treatment. We calculated the half-life of serum CA19-9 and compared that with those of HbA1c and GA. Furthermore, we also examined the effect of diabetes treatment on serum CA19-9 in diabetic patients with pancreatic cancer.
Methods

Study patients
Study 1: This study included 119 diabetic patients who were admitted to Kinki Central Hospital for the diabetes treatment between April 2010 and March 2011; and in whom HbA1c, GA and serum CA19-9 were measured at the time of hospital admission (Table 1) . Patients with liver disease, kidney disease, anemia, or malignant diseases were excluded. In addition, in patients with high CA19-9 levels (>37 U/mL), an abdominal ultrasound examination and/or contrast enhanced computed tomography (CT) scan was performed to rule out pancreatic cancer. Study 2: Among the 119 patients in study 1, this study included 6 patients with markedly increased CA19-9 levels (≥100 U/mL) at the time of admission, and whose subsequent clinical course was observed. Since all of these patients had poor glycemic control state, intensive insulin therapy was performed after admission. 
Results
Study 1
The mean HbA1c and GA before treatment was 10.6 ± 1.9% and 31.9 ± 9.1%, respectively, indicating poor glycemic control state (Table 1) . Serum CA19-9 exceeded the reference value (≤37 U/mL) in 33 of 119 patients (27.7%). Serum CA19-9 (logarithmically transformed) was significantly correlated with FPG, HbA1c and GA (Fig. 1) . The correlation coefficients were larger in order of GA, FPG and HbA1c. Multivariate analysis for serum CA19-9 (logarithmically transformed) was performed with age, sex, body mass index, FPG, HbA1c and GA, as explanatory variables. GA (β=0.326, F=14.1, p=0.005) and FPG (β=0.253, F=8.5, p=0.010) were significantly positive explanatory variables for serum CA19-9. On the other hand, HbA1c was not a significant explanatory variable.
Study 2
HbA1c and GA in the patients in study 2 before treatment were both markedly elevated, indicating poor glycemic control state (Table 1) . Intensive insulin therapy was started immediately after admission and rapid decrease in blood glucose levels was obeserved. MBG, which was estimated from HbA1c (12.7%) at admission, was 384 ± 78 mg/dL and that on day 1, on day 8 and on day 14 after admission was 247 ± 62 mg/dL, 146 ± 24 mg/dL, 126 ± 15 mg/dL, respectively. Fig. 2 shows the changes in HbA1c, GA and serum CA19-9 before and 2 weeks after diabetes treatment. Along with the diabetes treatment, HbA1c decreased significantly from 12.7 ± 2.2% to 11.2 ± 1.4% (p<0.05), and GA decreased significantly from 42.1 ± 15.0% to 29.9 ± 10.4% (p<0.05). Serum CA19-9 decreased significantly from 113 ± 68 U/mL to 34.2 ± 10.6 U/mL
In study 2, the half-lives of GA, HbA1c and CA19-9 were calculated, based on the above equation, using the equations below. G 0 , A1c 0 , CA19-9 o : GA, HbA1c, and CA19-9 before treatment; GA 14d , HbA1c 14d , CA19-9 14d : GA, HbA1c, and CA19-9 after 14 days of treatment. The target-totreat HbA1c level was 5.4%.
Although Yoshimasu et al. [20] calculated the halflife of the first compartment and the second compartment of disappearance curves of serum CA19-9 from the data before and after surgery in patients with cancer. Equation 5 which was used to calculate the halflife of CA19-9 in this study is a formula for calucalating the half-life of the first compartment [20] .
Laboratory analyses
Plasma glucose was determined using the hexokinase, glucose-6-phosphate dehydrogenase method. HbA1c was measured with ADAMS-A1c HA-8180 (Arkray Inc., Kyoto, Japan) by high performance liquid chromatography [21] . The value for HbA1c (%) was estimated as a National Glycohemoglobin Standardization Program (NGSP) equivalent value (%) calculated by the formula HbA1c (%) = HbA1c (Japan Diabetes Society: JDS) (%) + 0.4%, based on the relational expression of HbA1c (JDS) (%) measured by the previous Japanese standard substance and measurement methods and HbA1c (NGSP) [21] . GA was determined with a Hitachi 7600 autoanalyzer (Hitachi Instruments Service Co., Tokyo, Japan) by the enzymatic method using albumin-specific proteinase, ketoamine oxidase, and albumin assay reagent (Lucica GA-L; Asahi Kasei Pharma Co., Tokyo, Japan) [22] . Serum CA19-9 was measured by the chemiluminescent immunoassay (CLIA) method.
Statistical analyses
All data are shown as means ± SD. To correct for iate analysis, HbA1c was not a significant explanatory variable, whereas both GA and FPG were significant explanatory variables for serum CA19-9. When halflives were calculated based on the decrease in HbA1c and GA with diabetes treatment, these were 33.8 ± 12.8 days and 16.1 ± 3.6 days, respectively, which are similar to the values reported previously [24] . The half-life (of the first component of the disappearance curves) of serum CA19-9 was 10.9 ± 4.1 days. The reason that serum CA19-9 was significantly correlated with GA, but not with HbA1c, is presumably due to the close half-life period of serum CA19-9 to that of GA. CA19-9 is expressed in small amounts on the surface of normal epithelial cells, but with malignant transformation, large amounts of CA19-9 are produced at these sites, results in increased serum levels. In other words, in patients with malignant tumors, CA19-9 production is increased and serum CA19-9 levels increase. In patients with malignant tumors with elevated serum CA19-9 levels, Yoshimasu et al. [20] reported the halflife of the first compartment and the second compartment of the disappearance curves of serum CA19-9 was 0.5 ± 0.1 days and 4.3 ± 1.5 days, respectively and Rapellino et al. [25] reported the half-life (of the first compartment) was 1.1 days, calculated based on the decay curves when tumors are surgically resected. The half-life of CA19-9 in the diabetic patients in this study was extremely prolonged compared with that in patients with cancer. However, because improvement (p<0.05). From these data, the calculated half-lives for HbA1c, GA, and serum CA19-9 were 33.8 ± 12.8 days, 16.1 ± 3.6 days, and 10.9 ± 4.1 days, respectively (Fig.  2) . The half-lives for GA and serum CA19-9 were significantly shorter than that for HbA1c (p<0.05).
In 3 diabetic patients with pancreatic cancer HbA1c decreased from 9.1 ± 1.5% to 7.4 ± 0.6% after insulin treatment for 40 ± 13 days. On the other hand, serum CA19-9 showed a marginal decrease from 204 ± 104 U/mL to 169 ± 90 U/mL (-15±19%; -36%~+2%) (Fig.  3) . The calculated half-lives for HbA1c and serum CA19-9 were 55.7 ± 22.2 days and more than 116 days, respectively. Whereas the half-life for HbA1c in the patients with pancreatic cancer was not different from that in the patients without obvious cancer, the half-life for CA19-9 in the patients with pancreatic cancer was significantly longer than that in the patients without obvious cancer (p<0.05).
Discussion
In diabetic patients, a significant correlation between serum CA19-9 with FPG and HbA1c has already been reported [11] [12] [13] . We firstly found that serum CA19-9 was also significantly correlated with GA in this study. Importantly, with diabetes treatment, serum CA19-9 decreased along with both HbA1c and GA, which suggests the existence of a regulatory mechanism for serum CA19-9 via glycemic control state. On multivar- The dotted lines represent the normal reference values of serum CA19-9 (37 U/mL).
of glycemic control is not so rapid, half-life of CA19-9 in diabetic patients might be apparently prolonged. In this study, since the patients with poor glycemic control were treated with intensive insulin therapy, MBG decreased from 384 ± 78 mg/dL to 247 ± 62 mg/dL for 1 day. If target levels of MBG were set at 100 mg/dL, the half-life of MBG was approximately 1 day. As a result, the true half-life of CA19-9 was assumed to be 9-10 days. The adjusted half-life of CA19-9 in diabetic patients was also obviously prolonged compared with it in patients with cancer. The mechanism of elevated serum CA19-9 in diabetic patients has remained unclear. Aoki et al. [26] reported that the CA19-9 antigen was predominantly a ≥1000 kDa molecular weight fraction in patients with pancreatic cancer, whereas there was predominantly a lower ≤700 kDa molecular weight fraction in diabetic patients. Regarding this difference in molecular weights, they proposed that there may be increased sialylation due to hyperglycemia. Moreover, they proposed that synthesis of CA19-9 may be increased via an increase in sialylation. In our study, the half-life of CA19-9 was about 11 days calculated from the data in diabetic patients with elevated serum CA19-9 levels. This is clearly longer as compared to about 1 day in patients with malignant tumors. Based on these results, we firstly demonstrated a longer half-life of serum CA19-9 as a factor for elevated serum CA19-9 levels in diabetic patients. Although the detailed mechanism is unclear, its catabolism may be decreased in diabetic patients probably because of increased glycation of CA19-9 and/or protein(s) involved in the catabolism of CA19-9.
Serum CA19-9 levels are also elevated in pulmonary sequestration [4-6]. Because of intense staining of affected bronchial glands and bronchiolar epithelium by immunostaining, increased production of CA19-9 at these sites has been proposed [27] . On the Fig. 2 Courses of HbA1c, GA and serum CA19-9 before and after 2 weeks of diabetes treatment in the diabetic patients without obvious cancer Using the HbA1c (a), GA (b) and serum CA19-9 (c) values before and after 2 weeks of diabetes treatment, their half-lives were calculated as described in the Methods section. The dotted line represents the normal reference values of serum CA19-9 (37 U/mL).
*
, p<0.05 vs. HbA1c   Fig. 3 Courses of HbA1c and serum CA19-9 before and after diabetes treatment in the diabetic patients with pancreatic cancer Using the HbA1c (a) and serum CA19-9 (b) values before and after diabetes treatment, their half-lives were calculated as described in the Methods section. * , p<0.05 vs. the diabetic patients without obvious cancer (Fig. 2c) value. Intern Med 31: 516-520. formed. Since the half-lives of CA19-9 in all patients were less than 2 weeks (5.0-12.6 days) in this study, serum CA19-9 decreased by more than 50% through intensive insulin therapy for 2 weeks. On the other hand, serum CA19-9 in the patients with pancreatic cancer showed a marginal decrease after diabetes treatment. Their half-lives for CA19-9 were longer than those for HbA1c. Their serum CA19-9 did not decrease more than 50% with insulin therapy for 5-6 weeks. Therefore, if serum CA19-9 decreases by more than 50% after intensive insulin therapy for 2 weeks, we could judge the high serum CA19-9 in diabetic patients is due to hyperglycemia. On the other hand, if serum CA19-9 does not decrease by more than 50% after intensive insulin therapy for 2 weeks whereas GA is decreased dramatically, the presence of cancer might be suspected. In these cases, the examinations to find cancer are necessary. Using this strategy, it might be possible to omit unnecessary examination and reduce the burden of patients. This study has several limitations. First, the study on diabetic patients with pancreatic cancer was a retrospective analysis. Second, the measurements of CA19-9 and HbA1c in these patients were performed on different time from those in diabetic patients without obvious cancer after diabetes treatment. Lastly, the number of patients in study 2 was small. Thus, a prospective study with a larger sample size will be necessary to confirm the findings in this study.
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other hand, serum CA19-9 normalizes when lesions are resected. The half-life, calculated from the rate of decrease in serum CA19-9 at that time, was about 7 days; which is also longer as compared to that (about 1 days) in patients with malignant tumors [28] . An interesting proposal based on these results is that in patients with pulmonary sequestration the synthesis of CA19-9 is increased and its catabolism is also decreased.
CA19-9 is a sialylated Lewis A (sLe a ) structure in which sialic acid is attached to the Lewis A carbohydrate chain (Le a ) of a Lewis blood group, and a fucosyl is attached to the CA19-9 precursor (sialyl Le C ). The reaction requires α1-4 fucosyl transferase, but this enzyme is deleted in the Lewis blood group (a-b-); thus, sLe a (CA19-9) cannot be produced and serum CA19-9 is low. Therefore, serum CA19-9 levels differ depending on the Lewis blood group phenotype [29] . The distribution of the Lewis blood group phenotype does not differ between diabetic patients and controls, so this can be excluded as a cause of elevated CA19-9 levels in diabetic patients [13] . In diabetic patients, serum CA19-9 levels are highest in order of Lewis blood groups Le (a+b-), Le (a-b+) and Le (a-b-) [13] . Among the present study patients, some had normal serum CA19-9, despite markedly elevated HbA1c and GA. In our study, Lewis antigen was not evaluated, but the Lewis blood type in these patients may have been Le (a-b-) .
In diabetic patients, glycemic control state can also worsen if pancreatic cancer develops [30] . Therefore, in diabetic patients in whom glycemic control worsens, the possibility of pancreatic cancer must be kept in mind. If serum CA19-9 levels are high in such patients, pancreatic cancer must be considered in the differential diagnosis, and imaging studies should be per-
